The crystal and molecular structure of dodecamethyl bisimidotriphosphoramide monohydrate (TRIPA • H2O, C12H38N7O4P3) has been determined by single crystal X-ray diffraction techniques. The compound crystallises in the monoclinic system, space group P2i/n with a 
Introduction
In a previous paper on some lanthanide complexes of TRIPA [1] , a crystal structure determination of one of the complexes was considered helpful in the interpretation of the IR spectra . The structure determination of the monohydrated ligand was carried out in order to compare the conformation in the "free" state and in the complexed form [3] . Due to experimental difficulties it was not possible to determine the crystal structure of the free ligand. TRIPA contains a P-N-P-N-P arrangement of phosphorus and nitrogen atoms. This arrangement occurs also in MoL(CO)3, with L = (Ph)2PNEtP(Ph)NEtP(Ph)2 [4] , However, the phenyl groups as well as the coordination of the phosphorus atoms to the molybdenum atom impose severe constraints in the latter compound.
Experimental
Crystals of TRIPA • H20 (C12H38N7O4P3) were obtained by recrystallisation as elongated colorless needles [1] . The unit-cell dimensions at 20 °C are: a = 9.236(3), b = 14.016(4), c = 17.534(5) Ä, ß = 97.32(4)0, Z = 4, d(calc) = 1.24 g cm~3. The absence of reflexions 0A;0 and hOl for k odd and h-\-l odd respectively indicates the space group P2i/w. The diffracted intensities were recorded on a CAD-4 diffractometer with graphite-monochromatised Mo Ka-radiation (A = 0.71069 Ä) using a crystal with dimensions 0.4 X 0.3 X 0.2 mm. The scanning mode was the d/Q method in the range 2° < 6 < 27°. A total of 4864 independent reflexions were measured, 3191 of which had intensities greater than 2o(I). The standard deviation cr(I) was calculated * Reprint requests to Dr. J. C. P. M. Lapidaire. 0340-5087/80/1000-1203/$ 01.00/0 from counting statistics of the measurements. At regular intervals (1600 sec) repeated measurements of standard reflexions were used to monitor the loss of scattering power due to radiation damage. No absorption correction was applied.
Solution and Refinement
A sharpened Patterson synthesis revealed the positions of the three phosphorus atoms. The oxygen and nitrogen atoms were found from a sum-Patterson function based on the positions of the phosphorus atoms. The carbon atoms were found in a Fourier synthesis and, finally, a difference Fourier synthesis revealed the position of the water oxygen atom. A full matrix least-squares refinement of all heavy atoms -anisotropic for P, O, N atoms, isotropic for C atoms -resulted in R and Rw values of 0.081 and 0.114. Scattering factors were taken from the International Tables [5] . The function minimised during the least-squares refinement was Zw(|Fo|-|FC|) 2 , w = (T-2 (F). The discrepancy indices are defined as R = 27||F0|-|Fc|/2;|Fo| and Rw = [Zw(|F0|-|FC|) 2 |2'W|FO| 2 ] 1 / 2 . After introduction of anisotropic vibrational parameters for the carbon atoms the hydrogen atoms could be located in difference Fourier maps. A slight correction was made for extinction. During the final cycles of leastsquares the hydrogen atoms were refined isotropically. The R and Rw values converged to 0.035 and 0.041. The fractional coordinates of the heavy atoms are listed in Table I 
Molecular Structure
The molecular shape of TRIPA • H20 is shown in Fig. 1 , together with the labeling of the atoms. Intramolecular distances are listed in Table II,  valency angles in Table III and a number of torsion angles is given in Table IV . As can be deduced from the Newman projections along P(l)-N(3) and P(3)-N(5) (Fig. 2) the monomeric unit has an ir- There are two types of P-N bonds. The five terminal P-N bonds clearly belong to one population with an average length of 1.630(3) Ä. These bonds are significantly shorter than the four bridging P-N bonds with lengths in the range 1.671-1.695 A. Corbridge [6] mentions P-N bond lengths in the range 1.61-1.67 Ä for terminal bonds and 1.69-1.73 Ä for bridging P-N bonds. The difference in length between terminal and bridging P-N bonds has been ascribed to interactions of the lone pair on the nitrogen atoms and empty d-orbitals on the phosphorus atoms. For this difference and the difference in length between the bridging P-N bonds no precise explanation is available [7] [8] [9] [10] [11] .
Fig. 2. Newman projections along P(l)-N(3) (I) and P(3)-N(5) (II).
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We can distinguish two types of C-N bonds. The first type belongs to a population of terminal C-N bonds with a mean length of 1.456(6) Ä. The bridging C(5)-N(3) and C (8) and N(5) bonds (1.499(4) and 1.490(3)1) are significantly larger. The C-N bonds in TRIPA • H2O can be considered single in view of the accepted value (1.47 Ä [7] ) for a single C-N bond.
The lengths observed for the three P-0 bonds are in the range of values reported by Corbridge [6] and others [8, 9, 12, 13] . The P(l)-0(1) bond (1.476(2) Ä) is larger than the two other bonds (1.468(2) and 1.466(2) Ä), 0(1) being involved in hydrogen bonding (see below). This effect, though small in our case [14] , has often been observed [6] .
The three PON3 tetrahedra are distorted. The O-P-N angles are larger and the N-P-N angles are smaller than 110°, a feature also observed by Born [8] , Joesten [10] , Casabianca [10] and Caira [15] . N(2) is separated by a distance of 0.014 Ä from the plane through C(3), C(4) and P(l). Since this separation would be 0.5 A for a tetrahedral arrange-= Oxygen Fig. 3 . Packing of (TRIPA H20)2; carbon and hydrogen atoms are omitted. ment, we may conclude that this nitrogen atom is in a nearly ideal trigonal hybridisation [16] . The other nitrogen atoms are separated by distance of 0.05-0.09 Ä from the planes through their neighbouring atoms. The trigonal hybridisation of these atoms is less pronounced, but the arrangement is still far from tetrahedral [10, 16, 17] .
Packing
The packing of the molecules is depicted in Fig. 3 . The building units are dimers of TRIPA • H20. There are two dimers in the unit cell, related by a twofold screw-axis. The two TRIPA • H20 moieties are related by an inversion centre. No unusual short distances [18] between the monomeric and dimeric units are observed. The two TRIPA molecules in the dimer are connected by four hydrogen bridges involving two water molecules. Each water molecule forms a hydrogen bond to 0(1) and O'(l). Its bond lengths and valency angles (Table II, III) are in the range of values observed in literature [6, 19] and indicate that the hydrogen bonds are rather weak [14] . Only one oxygen atom (0(1)) per TRIPA is involved in the dimerisation via two water molecules connected by hydrogen bridges. The formation of two-or three-dimensional networks of monomeric units would require the cooperation of at least two oxygen atoms per TRIPA. To our knowledge TRIPA • H20 is the first compound encountered as a dimer containing hydrogen bonded P-0 groups. The packing can be compared with the stacking of naphthalene, which crystallises with two molecules per unit-cell in the same space-group.
